Pediococcus pentosaceus DT016, a bacteriocin producing strain, was isolated from fresh lettuce. A protein with antilisterial activity (bacDT016), between 11 to 17 kDa, was identifi ed and characterized as the bioactive substance from the LAB culture. Highest bacteriocin production was noted after 15 h of growth. Antibacterial activity was affected by some enzymes and detergents, as well as by temperatures equal or above 80 ºC. DT016 strain contains an 1110 bp DNA fragment with homology to pediocin AcH/PA-1.
The demand for fresh and minimally processed vegetables has increased in the last decades (TRIAS et al., 2008) . These foods may be consumed raw or minimally processed, and therefore can be a vehicle of several pathogens.
Listeria monocytogenes is ubiquitous in the agricultural environment. Its occurrence in ready-to-eat vegetables may be as high as 25%. In fact, vegetables have been implicated in outbreaks of listeriosis, suggesting that lettuce can have a high incidence of L. monocytogenes (RAMOS et al., 2013 (RAMOS et al., , 2014 Dairy cows and dairy farm environments are reservoirs of this pathogen, where faecal shedding contributes to its environmental dispersal and contamination of milk, dairy products, and meat represents a risk to consumers (HALEY et al., 2015) .
Meat raw materials have often been related with outbreaks of human listeriosis. In effect, a study carried out in Italy from 2008 to 2014 detected L. monocytogenes with an occurrence of 4.2% in raw pork sausages and of 2.4% in entrails lamb rolls (D'OSTUNI et al., 2016) .
Seafood, fi sh and fi shery products are considered as the most frequent causes of a number of sporadic listeriosis cases. The contamination of these products with this pathogen is very likely through contaminated waters and environments, during transportation and in fi sh markets. L. monocytogenes was isolated from raw fi sh (6.9%) and from open-air fi sh market environment (2.5%) in Iran (JAMALI et al., 2015) .
An increasing number of consumers prefer foods prepared without chemical preservatives to guarantee the microbiology safety. A promising alternative to the use of chemical additives is the use of lactic acid bacteria (LAB) and/or their natural metabolites to enhance food safety. Among these metabolites, bacteriocins are a heterogeneous group of peptides and proteins, able to kill or inhibit the growth of other bacteria (JIANG et al., 2012; JANG et al., 2014) . Research on bioactive substances from LAB is important for their potential applications in the food industry and public health contribution (O'BRYAN et al., 2015) . Bacteriocinogenic LAB, originally isolated from vegetables, are probably the best candidates. Their antibacterial compounds may be used as a weapon to improve the safety of these products, while answering the need for effective biopreservation techniques (WEI et al., 2006) .
In this study, the antimicrobial activity of a LAB strain previously isolated from Iceberg lettuce was investigated.
Materials and methods

Antibacterial activity of lactic acid bacteria isolate
A lactic acid bacterium (DT016) isolated from Iceberg lettuce with activity against L. monocytogenes, L. innocua, and E. faecalis was cultured in MRS broth (Lab M) and the antimicrobial activity and its nature were assessed according to TOMÉ and co-workers (2006) . L. innocua 2030c, L. monocytogenes 1334 (1/2c), and L. monocytogenes 1336 (1/2b) were used as target organisms; Pediococcus acidilactici HA-6111-2, a pediocin PA-1 producer (ALBANO et al., 2007) with activity against L. monocytogenes, was used as control.
Identifi cation of bacteriocin-producing strain
Identifi cation of the bacteriocin-producing strain was performed by PCR amplifi cation of 16S rRNA gene as described by PINTO and co-workers (2009).
Bacteriocin production
An overnight culture of P. pentosaceus DT016 was inoculated in MRS broth (1% v/v) and incubated at 37 °C, without shaking. Changes in pH and optical density (600 nm) were recorded every hour, bacteriocin activity (arbitrary units per ml: AU ml -1 ) and viable counts were calculated every 3 h, according to VAN REENEN and co-workers (1998) . All experiments were made in triplicate and each sample was measured in duplicate.
Bacteriocin molecular weight
P. pentosaceus DT016 was grown in MRS broth for 18 h at 37 °C. The bacteriocin was precipitated from the cell-free supernatants (ABRAMS et al., 2011) and proteins were separated by tricine-SDS-PAGE (SCHAGGER & VON JAGOW, 1987) . The gels were fi xed and one half stained with Coomassie Brilliant Blue. The position of the active bacteriocin was determined by overlaying the other half of the gel (not stained and pre-washed with sterile distilled water) with cells of L. monocytogenes 1336 (10 6 CFU ml -1 ), embedded in TSBYE agar (0.7% w/v). Incubation was at 37 °C for 24 h.
Bacteriocin stability
Cells from an overnight culture of P. pentosaceus DT016 were harvested (8000×g, 10 min, 4 °C). The antibacterial activity of the cell-free supernatant was studied, as described by ABRAMS and co-workers (2011), after addition of the enzymes proteinase K, pronase, papain, pepsin, and trypsin (Boehringer Mannheim GmbH, Mannheim, Germany), α-amylase and catalase (Sigma-Aldrich), and detergents sodium dodecyl sulphate, Tween 20, Tween 80,
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Triton X-114, Triton X-100, ox bile, EDTA urea, and NaCl. The effect of pH and temperature were also investigated (ABRAMS et al., 2011) . All tests were made in triplicate.
Cell lysis and adsorption studies
Cell lysis and adsorption of bacteriocin to producer cells was studied as described by ABRAMS and co-workers (2011). All experiments were made in triplicate and each sample was measured in duplicate.
Genes encoding bacteriocin production
Genes encoding bacteriocin production were identifi ed as described by ALBANO and coworkers (2007) . P. acidilactici HA-6111-2 was the positive control strain (ALBANO et al., 2007) . Amplifi ed DNA was purifi ed using the NZY Gelpure kit (NZYTech, Genes and Enzymes), and sequenced by MACROGEN. On-line similarity searches were performed with the BLAST program in GENBANK (2013).
Data analysis
A one-way ANOVA was used to assess the infl uence of the bacteriocin DT016 addition to the Listeria cultures growth. Multiple comparisons on mean values Listeria enumerations were evaluated by Tukey's post-hoc test using SPSS statistics 22 (IBM, New York, USA). The level of signifi cance for all tests was 0.05.
Results and discussion
Identifi cation of bacteriocin-producing LAB strain and bacteriocin production/activity
Growth of the target strains was inhibited by the cell-free supernatant of isolate DT016 and this was associated with an inhibitory compound of proteinaceous nature. Isolate DT016 was identifi ed as Pediococcus pentosaceus.
P. pentosaceus DT016 produces a bacteriocin (bacDT016) during exponential growth (Fig. 1) . Low levels of bacDT016 activity against Listeria population were recorded from 6 h after inoculation, indicating that the peptides are primary metabolites. The highest level of bacteriocin activity was recorded after 15 h of growth. The activity stabilized for the next 3 h and then decreased over the following 6 h (Fig. 1) . This decrease was probably due to the effect of extracellular proteases, adsorption to cell surfaces, and to feedback regulation (ANASTASIADOU et al., 2008) . 
Bacteriocin molecular weight
From the association between the zone of growth inhibition and the peptide band position, the active protein was determined (Fig. 2) . BacDT016 is between 11 and 17 kDa in size; this is higher than most bacteriocins previously described for Pediococcus spp. However, pediocin from P. acidilactici PAC1.0 has a molecular weight around 16. Based on the strong antilisterial activity, it is likely that bacDT016 is a class IIa bacteriocin (MARTINEZ et al., 2013) .
Bacteriocin stability
Treatment of bacDT016 with proteinase K, pronase and trypsin (0.1 and 1.0 mg ml -1 ) resulted in complete loss of antibacterial activity (Table 1 ). The addition of papain (0.1 mg ml -1 and 1 mg ml -1 ) and pepsin (1 mg ml -1 ) reduced the antibacterial activity. Sensitivity was strain dependent.
BacDT016 was resistant to treatment with SDS, Tween 20, Tween 80, ox bile, EDTA, urea, and NaCl. However, the bacteriocin showed sensitivity to Triton X-100 and Triton X-114. The bacteriocin remained stable for pH values ranging from 4.0 to 8.0 (Table 1) . Antimicrobial activity was strongly reduced at pH values of 2.0 and above 8.0. Similar results have been reported for pediocin AcH/PA-1 (ALBANO et al., 2007) .
Temperatures between 4 and 60 ºC had almost no effect in the bacteriocin activity. Antibacterial activity decreased gradually at temperatures above 60 ºC. Remarkably, antibacterial activity could still be recorded after 15 min at 121 ºC. 
Cell lysis and adsorption studies
Addition of bacDT016 to early-log cultures of the target strains (OD600 nm≈0.1) decreased the growth for 10 h (P>0.05) (Fig. 3) A B C (Table 2) . At the end of the experiment, a difference on Listeria cells growth of ≈5 log CFU ml -1 (P<0.05) between the samples with no bacteriocin and with bacteriocin added was observed (Table 2) .
No bacteriocin activity was detected after treatment of P. pentosaceus DT016 with 100 mM NaCl pH 2.0 (data not shown), suggesting that the bacteriocins did not adhere to the surface of the producer cells. Similar results were reported for other bacteriocins (IVANOVA et al., 2000; TODOROV & DICKS, 2005; ALBANO et al., 2007) .
Genes encoding bacteriocin production
P. pentosaceus DT016 has an 1110 bp DNA fragment with homology to pediocin AcH/PA-1 [Genbank accession number NG_035882.1 (MILLER et al., 2005) ]. Bacteriocin DT016 is thus considered similar to pediocin AcH.
Biopreservation potential
The LAB culture, P. pentosaceus DT016, described in this study shows promising potential as a protective culture to inhibit and reduce L. monocytogenes proliferation in vegetables. In fact, the effective inhibition of L. monocytogenes by the application of P. pentosaceus strains as starter culture to various foods has been demonstrated (HUANG et al., 2009; KINGCHA et al., 2012; JANG et al., 2015) . On the other hand, the bacteriocin produced is homologous to pediocin AcH, which have been extensively studied and is considered a good biopreservative agent (MILLER et al., 2005; NIETO-LOZANO et al., 2010) .
Conclusions
Bacteriocin bacDT016 produced by a strain of P. pentosaceus originally isolated from Iceberg lettuce exhibits activity against L. monocytogenes and L. innocua. Antilisterial activity was traced to a heat-resistant 11 to 17 kDa protein similar to pediocin AcH. In addition, bactDT016 is stable in a wide range of pH and maintains the antilisterial activity at refrigeration temperature (4 ºC).
In conclusion, P. pentosaceus DT016 has the potential to be used as a bioprotective culture in minimally processed vegetables and fruit, and the antibacterial compound produced may improve the safety and shelf-life of these products, while answering the need for effective biopreservation techniques. * Collaboration of Diana Silva and Tatiana Esteves in the experimental procedures is gratefully acknowledged.
